I wish to demonstrate the dramatic change brought about by placing a mechanism in a twodimensional geometry, i.e. allowing lateral diffusion. We take a simple mechanism and unspecified twodimensional geometry. Consider the following mechanism first used by Lefever, Prigogine and Nicolis (Lefever & Nicolis, 1971 ):
B + XI +X,+D, 2X, + X2+3X, X,+E (1) We take the concentrations of the substrates A and B and products D and E constant and put the rate constant equal to 1. We get from the Law of Mass Action applied to system (1):
System (2) is the realization of system (1) in Schiffmann (1980) for the mechanism (1). Can system (1) and (2) represent a bi-stable system? By putting the left-hand side of system (2) equal to zero we find:
Now, there is no question of enquiring whether a second stable steady state is possible because there is no second steady state at all for the mechanism (1). The steady-state (3) is the only steady state. So evidently the system (2) cannot be a candidate for bi-stable control system even for restricted ranges of the parameters value. Furthermore, when we raise the concentration of the substrate B the only thing that can happen is the loss of stability of the steady state (3, and the steady state will change into autonomous oscillations (Lefever & Nicolis, 1971 ). This occurs when [B] > (1 + [A],). This oscillation conforms to the inequality (1) in Schiffmann (1980), since for equality there will be no oscillation.
Dramatic changes occur when we allow lateral diffusion for the intermediates XI and X,, i.e. when we allow exactly the same set of reactions (1) to occur in an appropriately fluid membrane. We assume the concentrations of A, B, D and E constant throughout the membrane. Introducing lateral diffusion means that we have to add diffusion terms to system (2), and we get: D, and D, are the lateral diffusion coefficients of XI and X,, and A is the lateral (twodimensional) laplacian; that is we added Fick's second diffusion law to system (2). System (4) is a realization of the general system (2) in Schiffmann (1980) for Vol. 8 -&ision example mechanism (l), just as system (2) in Schiffmann (1979) is a realization of system (2) in Schiffmann (1980) for the mechanism (1) in Schiffmann (1979) .
In distinction to system (2), system (4) allows for more than one steady state, and furthermore the two steady states could be stable. So we see that, by allowing lateral diffusion, we can get with the same mechanism a bi-stable system that is the type of system I propose is useful for biochemical control. Thus when we raise the concentration of the very same substrate that without lateral diffusion led to oscillation, we can now get by raising [B] that the uniform steady state (3), which is also a solution of system (4), loses stability, and a non-oscillatory rapid transition occurs to a second steady state, characterized by non-uniform distribution in the membrane. We can calculate Also, a change in another parameter can bring bifurcation or membrane redistribution. Note also that taking [Al, [B] etc. as constant in time means that we deal with open system, which may well represent pinocytosis or endocytosis. Indeed, a functioning biological membrane presents a supply and withdrawal of matter in direction vertical to it.
We now transform system (4) into a potential system that is the realization of system (3) in Schiffmann (1980). The very assumption of two-dimensional geometry means that we will take n 1 in system (3) in Schiffmann (1980). To be specific we take a typical situation with n = 2. A typical potential to be used in system (3) of Schiffmann (1980) is:
Potential ( 5 ) shows the separation between the geometry and the mechanism that the introduction of lateral diffusion has brought.
Indeed, the mechanism enters only through a and 8. Thus assuming a mechanism fixes the function a,B as a function of the parameters in the mechanism. Separately, assuming a precise geometry and boundary condition to the membrane fixes the functions yI,yz. Furthermore, a very complicated mechanism with many timedependent chemical species X,,X,,X, . . . X,, where m is big, will be 'squeezed' into potential (S), and, instead of m ordinary differential equations corresponding to system (1) in SchifFmann (1980) without lateral diffusion, we will always get only two ordinary differential equations [corresponding to system (3) in Schiffmann (1980)l:
BIOCHEMICAL SOCIETY TRANSACTIONS always with the same form, i.e. the polynomials Wl2(tyI3) etc. are determined only by the geometry. This insensitivity to the number of chemical species, and the predominance of the geometry, one expression of which is the fixing of the same non-uniform pattern for all chemicals in a mechanism and for all mechanisms, are important characteristics gained by the inclusion of lateral diffusion. The specialization to a mechanism or to a geometry proceeds essentially in an independent manner. Thus for mechanism (1):
where R is the space-independent coefficient giving the amplitude ratio between X, and X,, like R, etc. in Schiffmann (1979).
which means that in Fig. 1 in (Schiffmann, 1979) + is exchanged with -when we pass from X, to X,. Also:
, is the value of [Bl above which the uniform solution (distribution) loses stability:
Independently of this specialization, we could specialize potential ( 5 ) [and system (2) 
p,v odd integers, e.g. for 1,3 we get patterns l i e that in Fig. 1 in Schiffmann (1979) . Similar patterns will be obtained if we assumed periodic boundary conditions in a membrane with a square lattice. Then the pictures in Fig. 1 in Schiffmann (1979) will represent a unit cell. Still another possibility is to take a membrane close at its boundary (zero flux), which means changing the sine in system (8) into a cosine. Another possibility is to take a membrane in a form different from a square, which simply means taking different functions ty, in potential (5) and system (6). All these possibilities refer to the situation where the membrane is open to matter diffusion in direction vertical to it in addition to the lateral diffusion. For the choice (8), for example, (vI3) in potential (5) and system (6) means just the surface integral on the membrane:
(a is the length of membrane side) etc., similarly for other geometries.
For the mechanism (1) and for the square geometry with fixed concentration at the boundary we can also write:
We thus see that, as the substrate concentrations [A1 and [Bl are raised, the ground states with small integer, p and v, are realized first. Similar considerations for the sphere might correspond to the fact that it is capping (one nodal curve) that is realized in lymphocyte capping. Only for p and v both odd do we get first-order (discontinuous) clustering. In order that the uniform solution will lose stability in a non-oscillatory manner, for the choice systems (1) and (8) for given [A1 and for rising [Bl, the following inequality should be satisfied:
This is obtained on the basis of the characteristic polynomial of the linear analysis [Schiffmann (1979, Chapter 41 . Because of the lateral diffusion we do not have to impose other inequalities to obtain 'non-oscillation' for the non-uniform steady states (10) is also enough to eliminate self-sustained oscillation.
Finally, the mechanism (1) is an example of a biochemical mechanism complex enough for the uniform distribution to lose its stability. In fact, it is one of the simplest mechanisms that allows for this loss of stability (Tyson & Light, 1973) . In Supplement SUP 50106 (1 1 pages) [deposited with the British Library Lending Division, Boston Spa, Wetherby, West Yorkshire LS23 7BQ, U.K., from whom copies can be obtained on the terms indicated in Biochem. J. (1978) 169, 51 I suggest that this need for the loss of stability of the uniform solution might be invoked to explain the experimental fact that multivalent ligand is needed for clustering and also why the hormone-stimulated activity is strongly influenced by temperature variation or by membrane stabilizers, but the basal activity is not. Thus for example the diabetic may need insulin to trigger the transition to the clustered state characterized by high glucose intake. The function of insulin may be to contribute to the loss of stability of the uniform distribution by supplying a trimolecular elementary step like the trimolecular step in the example (1) (or by adding another timedependent species to a bimolecular mechanism).
Also there, by assuming that the rate-limiting step is clustering, I correlated phase transition in membranes with a change of activity, and changes in activation energy were explained by effective mixing of enzyme and reactants due to clustering. The usual explanation by change of conformation was discarded in favour of the clustering hypothesis.
